In this note, we describe the recently designed APS beam transport system to the booster synchrotron. Another transfer system which guides the beam from the booster to the storage ring is described in ref. 1, and therefore it not be treated here.
The system of interest consists of two parts; the transfer line LTOA from the injector linac to the positron accumulator ring (PAR) and the transfer line ATOB from the accumulator ring to booster synchrotron. For the design, we assumed that the rms transverse emittance of the Jinac output beam is about 1.1 mm mrad at 450 MeV andthe energy spread is :11%. The plan view of the designed beam transfer line is shown in Fig. 1 . In this figure, B1 bends the beam to PAR by 0.2 radian and B2 is the PAR septum (which bends the beam by 0.2 radian). B3 restores the beam from PAR to the linac to booster line (by 0.2 radian bends). B4 then bends the beam toward the booster (by 0.18 radian bends) and B5 is the booster septum (0.27 radian bends). This figure further shows the magnets inside the booster (QB1, B6, QB2), where one can see the usual FODO structure. The total horizontal distance from the booster injection septum. to the end of the linac is. about 43 meters. The output parameters for the linac reference particle were assumed to be ßx==2 m and ßy=8 m which can be easily obtained by adjusting the quadrupoles in the linac. With these values, the matched system between the linac and PAR is depicted in Fig. 2 . This figure indicates that the maximum ßx is approximately 20 meters, which translates 1 into O":i=Vßx€ri 4.7 mm in rms horizontal beam size (assuming 1.1 mm mrad rms emittance from the linac). Between bending magnet B1 and the end of the linac, \z,e sho\v thedebuncher system (see Fig. 1 ).. Eachsectorrnagnet the debuncher system bends the beam by 30 degrees. A four-meter long drift space after a series of magnets (Le. DB1,DQ1,DB2,DQ2,DB3,DQ3,DB4) is reserved for the rf cavity, which wil suppress the energy spread down to :10.5%. The rf frequency of this cavity is the same as that of the linac (Le., 2.8 GHz) and wil be operated V\ith the fundamental harmonic mode.
The first synchrotron integral through the bending magnets of the debuncher system is found to be:
For the particle with .óE/E = :J1%, the above relation yields the time difference The placement of the two doublets (Le., Ql,Q2,Q3,Q4) on each side of the debuncher system allows the flexibilty for :matching as and ßs, where 'a and ß denote the usual Twiss parameters. These four doublets can be retuned to produce a and ß matching in case. the debuncher system is turned off. This is shown in F'ig. 3, where we remove the debunch.er system and subsequently retune Ql, Q2,Q3, Q4 to restore the same ßsand as as those when the.debuncher system is in place. The 2.9 meter distance between QE and B2 is necessary because of the geometrical constraints in PAR. The horizontal phase advance between B1 and B2
is .óø = 21r as it has to be.
The ATOB transfer system is depicted in Fig. 4 . In this figure, the PAR septum is located on the right (B2). Therefore, the beam progresses from the right hand side in this figure. B5 is the booster septum, and QB1, B6, and QB2
are the magnets inside the booster. See Fig. 1 .
The ATOB system between B2 and B3 has the same configuration as the corresponding B1 to B2 in LTOA (see Fig. 2 ). The maximum ß throughout the ATOB system is shown to be about 30 meters. Since the natural emittance of a beam from the PAR is 0.37 mm mrad, the rms beam size corresponding to ßx=30 m is O"x=3.34 mm, which is small. The two doublets (QS,Q6,Q7,Q8) between B4 and B5 are the usual matching for as and ßs.
3 Table 1. LTOA Parameters -Sign convention follows the PAR convention. -Positive kl means the horizontal focusing. 
